The state of North Carolina continues to grow at a rapid rate. The rise of negatively impacted streams, particularly within urbanizing counties, continues to expand. Considerable effort and public funding are spent through a variety of agencies that attempt to deal with the problem on a collaborative basis through management networks. A study using surveys, a plan quality rating tool and the U.S. Environmental Protection Agency (EPA) list of impaired (303d) streams was conducted to determine the strength of these networks, the quality of the plans they produce, and finally if those plans lead to improved water quality. Several areas, identified based on the data, suggest improvements in the functioning of networks and planning efforts directed toward water quality improvement.
Introduction
Watershed management is not a new idea. It was first proposed in the United States by John Powell in the 1880s, as he envisioned organizing and governing according to watershed boundaries rather than political boundaries in the expanding west (e.g. McGinnis, Wooley, Gamman [1] ). Powell was in many ways ahead of his time in thinking about the best way to conduct watershed management.
The Architecture of U.S. Water Quality Networks
The Clean Water Act provides much of the architecture upon which watershed management networks are built. States must develop lists (303d) of waters not meeting requirements of their classified purpose (recreation, drinking water). From these lists TMDLs, or Total Maximum Daily Loads, are produced. The TMDL calculates the maximum amount of a pollutant allowed to enter a waterbody, also known as the loading capacity, so that the waterbody will meet and continue to meet water quality standards for that particular pollutant. Meeting the TMDL then becomes the responsibility of state, and local government in partnership with federal agencies, thus creating the need for combined collaborative planning. In fact, knowledge of local situations and the coordination of multiple agencies is difficult to accomplish without the development and engagement of a collaborative network (e.g. Sabatier [8] ). There is little data available to indicate if these networks and their corresponding plans are effective in protecting and improving water quality as they operate throughout North Carolina. This should be a concern and of interest for those who work in government in that they are held accountable for public funds and meeting public purposes efficiently (e.g. Provan and Milward [7] ).
Literature Review
Competition for water resources from agriculture, industrial users, development, recreationists, fisheries as well as requirements from the Clean Water Act have created a general era of dissatisfaction with the management of these resources (e.g. Sabatier, Focht, Lubell, Trachtenburg, Vedlitz, Matlock [8] ). From this has sprung a new collaborative watershed approach which have some common features: 1) They use a hydrographic boundary as opposed to political boundaries; 2) They involve a wide array of stakeholders from multiple agencies and multiple levels of government and the community; 3) negotiations occur in face to face interactions among participants; 4) the goal of the process is to find win-win solutions among economic, scientific and social interests; 5) the process uses an extensive fact finding effort which typically blends scientific knowledge with local expertise (e.g. Sabatier et al. [8] ).
Many jurisdictions have developed collaborative rules aimed at nitrogen reduction within the watershed. This has created an urgent need to look both at agricultural practices as well as development practices in the basin. One challenge is quantifying reductions after implementation of plans is that any reductions in-stream will likely not be detected for at least four to five years after improvements are made in loading (e.g. Stow et al. [9] ). Collaborative efforts have also been undertaken to protect the buffers to streams. These riparian areas and its vege-tation help control the transport of sediments and chemicals into stream channels. They can serve as both a short and long-term filter and are invaluable (e.g. Lawrance [10] ).
Urbanizing counties in North Carolina have challenges stemming from development, but most have a substantial agricultural influence in areas surrounding the urban and suburban core. Conventional farming consists of plowing, disking and harrowing which creates erodible soil impacting water quality. New conservation cropping techniques and no till planting have created great opportunities to improve water quality when applied across the watershed (e.g. Endale et al. [11] ).
The term "network" has become synonymous with the term organizational complexity. One article characterizes networks by saying the networks have a set of stable relationships that is non-hierarchal, interdependent of each other, and links a variety of actors. These actors and groups at their core have interest in sharing resources and information in order to advance towards common goals (e.g. Borzell [12] ). As such, these networks organize not according to hierarchy, but according to needs which are linked together to share resources and achieve common goals. Network theory is a helpful model for thinking about how we are managing our watersheds.
After an extensive literature review, Michael McGuire (2006), concludes there are four things we know about managing collaboratively through networks: 1) That collaborative management is a component of public management that is here to stay; 2) More work needs to be done through research on the types of skills needed to be effective in network settings; 3) There is renewed interest in finding out more about the effect of collaboration on program outcomes; 4) There is still much to learn about managing collaboratively through the network, and the questions left to be answered are nearly endless (e.g. McGuire [13] ).
Networks are also charged with the task of implementing. Implementation within a geo-political watershed network creates a number of challenges for the public manager. The more decision points, that go into implementing the more likely it is the outcome is going to fail (e.g. Pressman and Wildavsky [14] ). It may be the case that watershed collaborative networks have embedded within them great problems of achieving their goals regarding implementation.
Some networks exist and cease to exist over mandates, interpersonal friendships, and proximity, individual or collective action. The use of Network Theory that understands the how and when interactions come into being may be more useful then understanding the mechanics of networks in seeing how collective action happens (e.g. Salancik [15] ).
Plans are only important for the practitioner to recognize that planning and plans are a process of conversation, an aggregation of thoughts and preferences. How well this takes place is much more art than science and may well dictate the ability of a plan to articulate policy and intentions and implementation (e.g. Hopkins [16] ). Figure 1 illustrates the basic premise of my research. Strong networks, are networks that collaborate, have mutual goals, communicate, plan and engage in work together. They produce plans together across jurisdictional bounds and across interests, they share expertise and resources and produce ideas which are concrete and intentional at producing uplift within the watersheds. These intentions are codified and agreed upon in plans. When implemented, these plans in turn, should produce positive and measurable effects in the watershed.
The Research Model
To assist in this study a set of tools were developed to measure network strength, plan quality, and water quality improvement and to see if links exist between these three activities. Effort was made to identify specific weaknesses or strengths which can be refined, exploited, or improved to benefit of improving and protecting important water resources. 
Strong Networks

The Tools Developed
A survey instrument was developed, designed and administered to extract information in one primary area, that of network strength. A couple of extra questions were added in to test respondent perceptions on the quality of plans they produce, and their overall perception of water quality in North Carolina Counties. Eighty-eight surveys were sent out to watershed management professionals working in each of the counties. Fifty-eight responses were received back for a response rate of 65%.
A second instrument, a plan evaluation tool was developed resting largely on the work of Phillip Berke, which measured plan quality. Plan quality was evaluated by three individual raters, with expertise in watershed issues and planning, for each of four counties (Wake, Mecklenburg, Forsyth and Guilford counties). Plans were examined of three types: stormwater plans, comprehensive land use plans and watershed plans. The major characteristics of good plans are: issue identification, goals, fact based, policies, implementation, monitoring and evaluation, internal consistency, organization and presentation, inter-organizational coordination, and compliance (e.g. Berke, Godschalk, and Kaiser [17] ). The tool allows us to measure the quality of plans produced by each of the four networks, through an empirically validated methodology applied specifically to our four urbanizing counties.
A third and final tool was developed through the compilation of the rate of increase in 303d listed waters from 2006-2010, coupled with the rate of population increase for the same period. This was used as a proxy for quantifying water quality improvement for each county along with watershed professional's perceptions of water quality improvement through a survey question. The data used is collected in an equal percentage by county, in North Carolina, every two years. Collectively these increases evidenced in the data should be viewed more directionally as a view to water quality supported by science then as a precise accounting of water quality in each county.
Results
Network Strength
A survey was administered via the web and quantified network strength based on perceptions of watershed management professionals actively working in all four of the urbanizing counties. The primary measure of strength were the presence of strong water quality goals, the belief in and amount of collaborative activities, and the amount and type of conflict at work within the networks. The survey results indicated that 95% of respondents believed their organization held strong or very strong water quality goals. When examining respondents views towards collaboration, 93% believed in the value of collaborating to get their work done. Interestingly 63% felt that the amount of collaboration going on within the network was weak or very weak. Finally 41% acknowledged that conflict existed within the network, but characterized this conflict as being weak and infrequent. These findings indicate that more can be done to expand collaboration among network participants. The relative absence of conflict is also consistent with the lack of collaborating going on in the networks. The good news in the survey on network strength is that there seems to be strong goal alignment around water quality improvement and protection as a unifying goal among all respondents.
Plan Quality Evaluation Data
The plan evaluation tool examined three types of plans related to water quality improvement and protection in each county. The attributes which rated the plan quality were: issue identification, goals, fact based, policies, implementation, monitoring and evaluation, internal consistency, organization and presentation, inter-organizational coordination, and compliance. Table 1 combines the attribute scores by county and plan type and assigns an overall grade of excellent, very good, good, fair, and poor. Table 1 shows the average score of each plan type by county, and then rated on a 100 point scale. A score less than 60 received a grade of poor.
This table shows us that overall watershed plans are rated as good, stormwater plans as poor, and comprehensive plans as good. Combining the scores for all counties and all pans types planning efforts receive a grade of fair or 68.57. In short, there is empirical evidence that there is room for improvement in planning efforts within the networks in all of the studied counties.
When comparing perceptions of plans by survey respondents to the independently evaluated plan ratings, 72% of survey respondents viewed plans as being either good or very good. This perception is slightly more optimis-December 2014 | Volume 1 | e1071 tic than the assessment of plans by individual raters of the plans using the plan evaluation tool. Table 2 shows the total miles of stream within each county, and the percentage of counties total stream miles that were listed as impaired in 2006 and in 2010. It also indicates in the bottom row the total percentage increase by county over that four year period. It also shows population by county in 2006 and 2010 and the percentage of increase over that period.
Water Quality Data Indicators
Conclusions
All respondents reported that their organization engaged in collaborative activity. All respondents also reported their organization had increase capacity to collaborate more than they now do. Ninety-seven percent viewed the attainment of agency goals as being enhanced through collaboration with other agencies. Notable from this data is that for all counties combined population has increased over the four-year period by 9.5% while 303d listed streams have increased over the same period by 150%. Undoubtedly things would be much worse without the efforts of the networks, but it is apparent that the stress on watersheds is far outpacing what the networks can do though planning an implementation. The data would suggest combined efforts from local, state and federal sources aimed at protecting the environment are insufficient. It suggests that the impacts may reach beyond anything the current network structure can do to address the problem. When respondents to the survey were asked about their perceptions of water quality improvement within the county, 77% believed that water quality in the county had either improved or slightly improved, while 19% observed no change. This perception seems significantly optimistic in the continued growth of streams being listed as impaired within each county.
The research indicates that the networks have strength in well aligned goals, but collaboration is underutilized within the networks. Collaboration occurs primarily around necessity or where skills are complimentary. The networks need to increase their efforts at collaborating and working together on a more routine basis.
When contrasting the perceptions of water quality professionals with the independent evaluations of plans by raters using the empirically validated assessment tool, rated plans received a less favorable assessment and were found to be lacking in two areas consistently: implementation and participation. This would suggest that these are two areas of concern and improvement for the manager of water resources. While more research is needed, it may provide a causal link for why these plans produce limited results in stemming the growing miles of impaired streams in North Carolina's urbanizing counties. The growing list of 303d listed streams, and the shrinking size of budgets all point to the value and saliency of additional research, thought and consideration of the way in which watershed management networks collaborate, plan and implement. This research suggests the need for greater collaboration and implementation of practices which make a difference in the streams of urbanizing areas. More study should be undertaken to ensure that public managers have the requisite skill sets to manage networks effectively. Public managers will need to expand their skill sets beyond the technical and have acumen for developing the interpersonal skills for managing many dimensions of human interaction and associated processes, and to better quantify the effectiveness of network efforts at improving water quality. More effort should be undertaken to integrate dimensions of sustainability and the precautionary principal as an organizing cornerstone for the networks plans, implementation, and improving our all-important water resources.
